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MEMORANDUM FOR THE DIRECTOR, DIA (SAO) 
DIREC 
SUBJECT: KH-4B Data Boox 


tne attached data book has been prepared + 
technical information on the KE-4B to the explo 
community. This informetion may be disseminate &. 
persons naving the —ByieRNSGee clearance and a spe 
neea to Know. 


oD 


Aivnough tne KH-43 is now in operation, the XE-4A sysvex 
Wiil continue to de used for some vime, anc the KE-4GA data 
books should not be destroyed. 
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INTRODUCTION 


This data book incorporates the latest modi- 
cation to the basic KH-4 camera system. The 
NH-4B camera system consists of 2 main pano- 
ramic cameras, a stellar/index camera and 4 
norizon cameras (Fig 1). The payload consists 
ci 2 recoverabie sub-systems, each containing 
approximateiy 16,000 ft of film (8,000 ft of film 
per camera). Tne 2 recoverable sub- -systems are 
Gesignated mission part 1 and mission part 2. 
The system may be used to meet either recon- 
naissance or cartographic objectives. The camera 
(Fig 1) is oriented so that the forward camera in 
the venicie is the aft looking, and the aft camera 
is the forward looking. 


Panvanmic CAMERAS 
Each panoramic camera is mounted in the 
photographic vehicle at a 15 degree angle from 
the verticai, thus forming a30 degree convergence 
angle. “che cameras are designated as forward- 
looking and aft-looking. 


FORWARD LOOKING 





FOP-SteRe 


Panoramic Camera Baia 
Table 1. Panoramic Camera Daia 
Lens Petzval {/3.5 T/3.8 


Focal Length 609.602mm (24.0 inj 
Scan Angle 70 deg (+35 deg from track) 
Fieid of View 5.12 deg (along track) 
Usable Format 29.323" X 2.147” 
Shutter Focal Piane 
Slit Widths Variabie--from 0.17 in to 0.30in 
Film Load i. 70mm wide 
2. 8,000 it per recoverabie sud- 
system (pari i or 2 ofa mission) 
for each camera 
3. 16,000 ft per recoverable sub- 
system 
4. 16,000 ft per camera per mis- 
sion 
5. 32,000 ft total load for both 
cameras for a mission (parts 1 
and 2) 
End Lap 7.6% 


Image Motion 
Compensation (IMC) 


Camera nods proportional to 
velocity/heignt (V/H) ratio 


Stereo Angle 30.46 degrees 
Filter Variable -2 position command- 
able 


Film Type 3404, Estar Base 


: CAMERA VEHICLE FLIGHT DIRECTION ==> 
SUPPLY 
CASSETT oe 
TAKE-UP TAKE-UP 
bod CASSETTE NO. 2 CASSETTE NO. 1 
/ (™ | - * 
AFT LOOKING 
| CAMERA 
——S — STELLAR 
— ants INDEX CASSETTES 
CLOCK STELLAR/iNDEX 
CAMERA 


NPIC 1-9378 | 


FIGURE 1. CAMERA SYSTEM CONFIGURATION. 


-Jl- 


’ regr— 
TC} STORE t 


eahe Sh 
hance Vie 





Contrai System Gniy 


Hancie Via 


Saebhciniebittes 


Control System Only 


Binary Values in Milliseconds 


Least Significant Bit 1 
Nearest the Takeup 2 
ena of the format. 4 

8 


256 

5i 
1024 
2048 
4096 
8192 
16384 
32768 
65536 
131072 
262144 
524288 
1048576 
2097152 
4194304 
8388608 
16777216 
33554432 
67108864 
134217728 
268435456 


Most Significant Bit 
Nearest the Supply 
end of the format. 


Format Ciaracieristics 

Figure 2 is a complete record of the format 
for the forward looking and aft looking panoramic 
cameras. The following is a description of the 
various items on the fiim. 

1. Camera Serial Number -- An imaged 
record of the camera manufacturer’s serial number. 
An even number indicates the aft looking camera. 
An odd number indicates the forward looking 
camera. 


er3s 


2. Binary Time Word -- A recordin, ie 
venicie clock time to the nearest milusecond. ‘inc 
time word contains 29 bits pius a parity bi. 
There are six columns oi 32 pits avahabic, bu; 
oniy three columns of 30) binary bits are pre- 
sently used as shown in Figure 3. The coumn 
nearest the film eace is column number one, and 
ali 30 bits are iiluminated to provide a registra: 
tion for mechanical readout. Coiumn two presenis 
the time word in rows 1 through 29 with the 
30th being the parity bit. Column three presents 
reciprocated time, again with the 30th bit being 
the parity bit. The data block is located oxt- 
side the platen area on the takeup side. This 
means that any time readout, as seen on tne 
film, is associated with the following (next higher 
number) frame. or conversely, when ascertaining 
the time a particular frame was taken, it is 
necessary to look at the data block on the pre: 
vious or lower numbered frame. 

3. Titling Data -- The title is affixed cross- 
way on the film between frames and consists of 
a pass number, frame number, an arrow (indi: 
cates frame to which title applies), mode (S for 
stereo, M for mono, or MS. for mixed), date. 
mission number, camera (fwd or aft-looxing), and 
classification. The letters D, A, and M, prececdinz 
the pass number have the following meanings: 

a. D -- The pass is descending from north to 
south. 

b. A -- The pass is ascending from south tu 
north. 

c. M -- The pass is mixed; ascending anc 
descending. 

An E added to the end of a pass indicate 
an engineering operation 

4. Panoramic Geometry Traces -- lines c:. 
either side of the format which aid in determi: 
ing the locus of principal points of the lens. 

5. A nod angle calibration system which, i 
means of a xenon flash triggered by an opiic.. 
encoder mounted on the nod axis, images 4 scrit. 
of small dots along the edge of the form: 

6. Pan Geometry Fiducial Marks - .\ 
image of the 73 holes through the film guic- 





Control System": 


B61 LIN] 


‘400 NOIS INW]A 3AILVOIN 


IUD Zz 04 

PUOLS CU Ydim pouruou aio 

SINLOA TY “(prinis ISIMIOYIO 
TS IPUA SoysUs a0 suolsuowrp yy 


iOVLVWNO UNI 
I ONITLIL 


roo 








3903 1LVWHOd 


ea ee meee nee nt ne ee mete cane nL 





“ONIAVYGD LVWYOF JAILVIIN 2 FYNOIZ 


S907 Wii4 


A VOH live 45. 


S3 70H lve. 


Five 


Sdl¥iLs Od 
3903 ivwyogs 





CEI LE 





HR es ke 


xDO18 Viva g 


TaAVAL Wid ce> 


; i a Eoo8 





100 GON 9d 
AdIYLS Od 
Viva 
~ 
c 
io] ° 
ee, MOVYL IWEL see 
4 a S20H Jive 
i '-o 370H Viva 
a ae LYWHOd JO Y9LN]D 
2 2 
an) ee 43903 W114 
a oa 
ao} «2? 


i 


VuSNVvd 


ONIMOOT QHVAHOS 


¥ 


Vv 


vVuaMNyd 


ONIHOOT L4av 


NOMWODAGIC LHOIT4 JIDIHIA 


2 oY NVOS 


™ 


WvId 400°0 

sto0’O x S00 0 
WIG SNOYDIW OS 
3OIMM SNOUMDIN Se 


WV¥IQ SNOMODIW SZ 
wvid so0'o 


azis 


SLIG AWIL dS 
MOVYL SWEL 
100 QON 9d 

3dldLls Od 


310H tive 
VVWIDNGIis “O°H 


vwiva 


ADOIG YIGWAN TvINas 


‘ 60 i - 


SEGRE teen 


|} 


Se, ony Sain 


3903 LVWHO4. 
LOQ OON 9a 





3dldlsS Od 
lve 
MOvVAL GWIL 
wat 


3S 7Nd YN TS 


S3170H IVa 
IOGAWIIS 


Kangle Yia 


Control System Oniy 


~ 


be 








eters aansnesTSARLL' Loe 


Cantroi System Oay 


crepe 


Table 2. Panoramic Camera Calibration 
COMPONENT PARAMETER CALIBRATION 
a 


Main Lens 
Main Lens Radial Distortion 
Main Lens Convergence 
Uorizon Optics 
Ilorizon Optics 
Ali Lens 


Nod dot encoder 


Equivalent Focal Length 


Equivalent Focal Length 
Principal Point to Fiducial Intersection 

Alignment Horizon to Pan and Pan to Pan 
Nod angie position 





25 Microns 

1 Micron 

60 ARC Seconds 
25 Microns 

10 Microns 

60 ARC Seconds 


One dot every 19.78 
arc sec of nod snatt 
rotauon 





raus, Each hole is approximately 40 microns in 
diameter spaced at 1 centimeter intervals with a 
double hole at the center of format. 

7. Time Track -- An image of a 200 cycle 
per second light pulse which records the camera 
lems scan rate. 

8. Siur Time Pulse -- A stretched pulse 
which occurs immediately aiter the clocx is inter- 
rogatec in order to show the relation between the 
time marks and the ciock time. This snould per- 
mit the determination of the time at which a 
point on the format was exposed with accuracy of 
2.5 milliseconds (3 sigma). 

9. Start of Operation Indicator -- A cross 
imaged near the camera serial number on the 
last frame of the previous camera operation. 


nA ners 
Vovercse 


Figure 4 shows the angies covered by the 
o 5 
several cameras. Figure 5 shows the typical terrain 


coverage expected and lists the coverage for vari-. 


ous altitudes. Figure 6 is a conversion chart to 
Getermine photographic scale at different distances 
irom the format center over the altitude range 
irom 80 to 120 nauticai miles. 


vamera Caiisraiicn 

7n€ panoramic camera ienses and horizon 
cameras are individuauy calibrated prior to being 
mounted on the panoramic camera. This individ- 
ual calibration consists of determining the princi- 
pal point of autocollimation and the equivalent 


focal length, and checking the lens distortion 
characteristics. Subsequent to this, each camera 
system is calibrated to determine the Position of 
the horizontal cameras in reiation to their re- 
spective panoramic camera lens. The accuracy of 
these calibrations is shown in Table 2. 
HONMLGN CAncand 

Two horizon cameras are associated with eacn 
panoramic camera. The imagery from the hori- 
zon cameras is used to determine the attitude 
(pitch and roii) of the main panoramic cameras, 
The paired horizon cameras wil] Operate simui- 
taneously on aiternate panoramic frames. The 
horizon camera formats are exposed adjacent to 
the main panoramic frames (Figure 2), 
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Table 3. Horizon Camera Data 


Focai Length 55mm 

Depression Angie 15 deg 

Filter Wratten 25 pius Commandabie 
Attenuator 

Exposure 1/160 sec. 

Film Type Same as main Panoramic cam- 
eras 


Angular Field of view Approximatciy 51 deg 44 min by 
23 aeg 28 min 

2.4% 0.9 in 

1/0.8 or £/8.0 -- varies according 
to which cameras are primarily 
Pointing toward or away from 


the sun 
a a 


Usable Format 
Aperture 
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STELLAR CAMERA 
"INDEX CAMERA 








FIGURE 4. CAMERA COVERAGE. 
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FIGURE 5. PANORAMIC AND TERRAIN CAMERA COVERAGE. 


PANORAMIC CAMERA SYSTEM COVERAGE 


Altitude a.m.) &0 85 99 95 106 105 
Ee = mee: chat iiaated os 
Frame forward cover in.m.} 7.7 6.2 6.6 9 °.6 10.4 
Frame widtn cover (A.m.j 117.0 124.0 137.0 139.6 145.9 154.9 
Area pr. fr. sq. num. x 102) 89 10.0 113 125 13.9 15.3 
Mission ste-eo coverisq. n.m, x 10°) 49 5.6 6.2 7.0 7.7 6.5 


i3 mil oase film) 


TERRAIN CAMERA COVERAGE 


A listing of the coverage and over} 





59 nm. and 320 a.m. 
Altitude (nm. o3 90 1d 
aM Pahl 
Side dimension of ground pattern - nm. 129, 133.6 150.7 

Area coverage pr. fr, - sq. nm. x 104 1.45 1.64 2.27 

Overiap - % 9.375 sec/cycle 63.0 1.6 74.4 
57.4 62.) 65.9 

-7- 


iS 129 
17.0 a) 
165.9 176. 
io. 20.6 
16.2 Vil 


ap of the terrain camera is snown below for selected aititudes between 
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The horizon camera photographs have no 
Specific scale associated with them, nor do they 
have an independent frame number. They arere- 
ferred to as the port or starboard exposures 
associated with the forward 


the direction of flight and starboard is the right 


side. 
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(TERRA) CAMERA 

The index camera is a frame camera which 
Provides vertica} small-scale Photography. It may 
be used for rapid correlation and indexing of 
Panoramic PNOiograpny. The index camera 
aisO_ provides conjugate imagery for a relative 
Orientation between theindex and main panoramic 
as. This is necessary for eventual adjustment 
titude data (pitch, roll, and yaw) between 
tne stellarand main panoramic cameras. The index 
camera is preset to epelate, (at 9375-4915: 
15.625, or 18.75 seconds per cycie; based on the 


Main 


camer 


Be jae 
Ci at 


planned camera altitude, it can be programmed 
to operate independently from the Panoramic 
cameras. 


ius Camera Dats 

Table 4. Index Camera Data 
Lens £.4.5 T/6.75 AWAT 
Focal Length 3 inches 
Ficid Angie 74 deg 


1/250, 1/500 sec 

Rotary, efficiency 57% 

Giass plate with 2.5 
grid 


Shutter Speeds 
Shutter Type 


Reseau mm interval 


Format Size #.5 by 4.5 inches 


Filter Wratten 12 

riim Load 5 in by 2,000 It 

Frames approx 4800 

Overiap 68 to 80 Percent between §Q- 


120nm ior 9.375 sec/cycie 


-A 
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Table 4. (Continued; 


Cycie Period 9.375 see cyclic 
12.5 sec. cycie 
13.625 sec/ cycie or 
18.75 see:cycie 
Scaie 1/2.432,000 at 160 am 
aiuiude 
Coverage 22,700 soinm per iframe 
at id0 am altitude; 30 


X 10° sc;nm per mission 


DT OTE oa he 


bah 2 Tsetse, 
liu Wuiu 


jug 


tiling each frame se- 
iven pass, 


Present pians cal! ior 
quentiaily irom 1 thry n for any g 
tnen sturt at 3 ior the Jirst 
data wouid consist 
. irame number, 


Frame count would 
frame of the nex: pass. 
of mission number, pass number 
date and Ciassification, 

The reseau grid forms Calibraiec array of 
points on the photograph which may be used as 
an aid in Correcting the effects of jiim shrinkage, 
lens Gistortion, and aimospheric refraction. 
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Steuiar pnotograpay Provides anieans for very 
accurate determination of pitch, roii, and yaw 
Guring operational cycies. One steliar PHotogrash 
is pointed out either side with the optical axis 
20° above the norizoniai. A res€au is provided 
tO Correct fo image distortion and to recover 
gcometric orientation. 
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Table 5. Stellar Camera Data" 
rocai Lengta 3 inches 


ried Angie Approximateiy 2514,° 


Format Size 1.25 inch diameter with flats 

Friim Type 340i 

Fiim Load 35mm by 2000 feet 

Frames approx 16000 

Reseau Giass plate with 2.5 mm interval 
grid 

Shutter Rotary 

iAnee Angie 100° 


Max Distortion 15 microns (R) 5 microns (T} 
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FIGURE 9. STELLAR CAMERA FORMAT. 
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Either of the stellar cameras can be capped 
ifa light source (whicn could degrade the 
imagery ivom tne other camera) shines direcuy 
into the lens. 

Yne stellar camera cycle period is 3.125 
seconds, while the terrain camera is operating in 
the Gependent mode. When the terrain camera is 
operating independently, the stellar camera ope- 
rates once for each terrain exposure. The jens 
serial number for each sieuar camera is exposed 
on ine format (see Figure 9). The time word is 
exposed adjaceit to the port serial number. The 
port serial number is further identified by a ‘‘P”’ 
after the number. Start of operation marks are 


eXposcG aGjacent to the time word as shown in 
Figure il, 

Awaouga ime sichar imagery is originally 
produced on unperiovaicd S3imm fum, it is 
customarily reproauced on 70mm Gupiicate posi- 
tives tor ease of handiing by specified users as 
shown in Figure 9. 

Present Dians cau for tiuing each port and 
SiardGarG irame seGueniiauy from i thru n ior 
eacn recoverabie subsystem oi a mission. Eaca 
port frame number is preceded by a P and each 
siarboard frame number is preceded by a S. On 
the leader of the steiiar film is a listing of the 
passes and their corresponding frames. 
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